Abstract The European grayling (Thymallus thymallus) is a locally endangered and economically important freshwater salmonid fish that is distributed across a large part of Europe. Here we report 19 polymorphic microsatellites, doubling the number of available markers. Of those, 17 loci amplified in the closely related Arctic grayling (T. arcticus). Seven, six and ten amplified in the more distantly related salmonids Atlantic salmon (Salmo salar), Arctic charr (Salvelinus alpinus) and brown trout (Salmo trutta), respectively.
The European grayling (Thymallus thymallus) is a springspawning salmonid fish that is distributed across a large part of Europe (Northcote 1995) . However, during the last several decades many anthropogenic factors have contributed to local population declines throughout its range, and many populations are now considered critically endangered (Gum et al. 2003) . In order to define management units needed to preserve wild populations under threat, as well as to study factors such as the influence and amount of gene flow among these populations, high resolution molecular markers are required (see Swatdipong et al. 2009 ).
Although microsatellites have been earlier described for European grayling (e.g. Diggs and Ardren 2008; Koskinen and Primmer 1999; Sušnik et al. 1999 ; for a review of markers and studies see Gum et al. 2009 ), there is a growing realization that application of higher numbers of molecular markers can increase the accuracy of population genetic inferences (e.g. Koskinen et al. 2004 ). In addition, in cases where populations have low levels of genetic variation owing to e.g. habitat fragmentation or recent founder bottlenecks (Barson et al. 2009; Koskinen et al. 2002 ) not all available markers may be polymorphic.
Here we report nineteen new polymorphic Thymallus thymallus microsatellites and their cross-species amplification success in the closely related Arctic grayling (Thymallus arcticus) and three other salmonid species Atlantic salmon (Salmo salar), Arctic charr (Salvelinus alpinus) and brown trout (Salmo trutta).
European grayling DNA library enriched for microsatellite sequences was obtained from a non-commercial microsatellite enrichment service which utilises the hybridisation capture method outlined in Glenn and Schable (2005) . Sequences containing microsatellites were screened and selected as described in Leder et al. (2008) . Amplification success and levels of polymorphism were initially assessed using an M13-tailing procedure (Oetting et al. 1995) to screen eight individuals from two different populations. PCR reactions included 19 Qiagen Multiplex PCR Master Mix, 0.05 lM forward primer, 0.15 lM reverse primer, 0.4 lM of the M13 primer labelled with one of four fluorescent dyes (FAM, VIC, NED, or PET), &50 ng of genomic DNA, and dH 2 O to a final volume of 8.5 ll. The thermal cycling program was: 95°C for 15 min; 16 cycles of 94°C for 30 s, 58°C for 1 min 30 s, 72°C for 1 min, followed by 26 cycles of 94°C for 30 s, 52°C for 1 min 30 s, 72°C for 1 min, followed by 60°C for 30 min. PCR products were subsequently diluted 1:40, combined with other PCR reactions containing different fluorescent dyes, and electrophoresed on an ABI3130xl Genetic Analyzer with GeneScan -600 LIZ size standard (Applied Biosystems, Foster City, CA). Genotypes were scored using GeneMapper 4.0 software (Applied Biosystems, Foster City, CA). The level of polymorphism was assessed by genotyping 24 individuals from a population in southeastern Finland (Puruvesi, PUR) and 22 from a Norwegian population (Lesjaskogsvatnet, LES) that has been shown to have very low microsatellite diversity due to its colonization history (Koskinen et al. 2002) . The final optimization was conducted with end-labelled primers. The multiplex PCR conditions were: 19 Qiagen Multiplex PCR Master Mix, 0.04-0.6 lM of each primer, 1.5 ll DNA ([50 ng), and dH 2 O to a final volume of 8.5 ll. Cycling conditions were: 95°C for 15 min, 38 cycles of 94°C for 30 s, annealing temperature (see Table 1 ) for 1 min 30 s, 72°C for 1 min, and a final step of 60°C for 30 min. PCR products were electrophoresed as described above.
Genetic diversity indices were calculated using GenAlEx (Peakall and Smouse 2006) and tests for Hardy-Weinberg and linkage equilibrium were conducted using GENEPOP version 4.0 (Raymond and Rousset 1995) . Sequences for all loci reported have been submitted to Genbank (Accession numbers GU225709-GU225727). Detailed locus information is presented in Table 1 .
For testing cross-species amplification, two individuals of each salmonid test species were used to determine amplification success. The PCR reactions were as above either using a single primer set reaction as in the screening or with the Qiagen multiplex kit as a multiplex reaction. Specific information is presented Table 2 .
The observed heterozygosities ranged from 0.13 to 0.96 (14 loci [0.5) in PUR and from 0.05 to 0.9 (12 loci [0.5) in LES. After Bonferroni correction (Rice 1989) all loci conformed to Hardy-Weinberg expectations in LES whereas four loci in PUR did not (see Table 1 ). Further testing for possible null-alleles at these is recommended before large scale application since the heterozygote Table 2 Cross-species amplification of European grayling microsatellite loci in Arctic grayling (T. arcticus), Atlantic salmon (S. salar), Arctic charr (S. alpinus) and brown trout (S. trutta). For each are given the number of alleles (A), size range (base-pairs) and amplification quality rating (Q) 1-Quality rating scale: 1-no stutter, 2-little stutter, 3-moderate stutter, 4-considerable stutter and/or multiple bands, 5-no amplification (Primmer and Merilä 2002) . A better result was achieved with * touchdown program, ** 58°C or *** 60°C annealing temperature deficiencies detected here seem to be population specific. Furthermore, all loci were found to be in linkage equilibrium after correcting for multiple testing (Rice 1989) . Seventeen out of 19 loci amplified in the closely related Arctic grayling (Thymallus arcticus). Seven, six and ten amplified in the more distantly related salmonids Atlantic salmon (Salmo salar), Arctic charr (Salvelinus alpinus) and brown trout (Salmo trutta), respectively. Since only two individuals per cross-species have been screened here, a further testing with additional individuals is required to determine the particular levels of polymorphism in these species.
There was some degree of duplicated loci owing to the ancestral genome duplication (Ohno 1970) . In some cases these could be amplified and scored as separate markers from one primer set (see Table 1 ), but other markers tested needed to be discarded due to overlapping allele size ranges or could only be used in one of the tested populations (see Table 1 ).
Compared to earlier reported T. thymallus markers, these newly developed microsatellites are highly polymorphic with the mean number of alleles per locus for both populations together totalling 9.64; 8.32 in PUR and 4.5 in LES, the latter one being notably higher than the numbers previously reported in the same lake system (1.8 in Koskinen et al. (2002) and 2.6 in Barson et al. (2009) ). Furthermore, one-third of the loci showed heterozygosities [0.7 making them not only useful markers for parentage studies but also a valuable resource for conservation genetic studies of European grayling. Most grayling populations appear to show signals of historical bottlenecks (Swatdipong et al. 2010) which means, having a wide range of markers to choose from is extremely useful.
